Air cargo has received little attention in airport research. In this paper, 114 airports are grouped according to their cargo business characteristics. Applying a hierarchical cluster analysis, the paper uses absolute (cargo tonnage) and relative measures (share of cargo work load units, of freighter movements and of international cargo) to establish the reliance of different airport types and groupings on air cargo. Eight distinct clusters are identified which show clear differences in the characteristics of the sample with regards to cargo activities. Geographic patterns of these airports are also revealed. For example, North American and European airports are characterised by features unique to these regions. Airports that are highly dependent on air cargo tend to benefit from a central location within networks of cargo airlines, while other airports with high cargo volumes generate these as a result of significant belly-capacity of passenger operations. Understanding the heterogeneity of cargo airports is important for future benchmarking studies in this field.
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Introduction
Airports fulfil a vital function in the air transport system by providing key infrastructure to the industry. Traditionally their (physical) output is measured by passenger numbers, aircraft movements and cargo tonnage (Graham, 2005) but also non-aeronautical service outputs (Oum and Yu, 2004) . Airports Council International (ACI) identify five measures of airports' core activities; namely, passengers, origination and destination passengers, aircraft movements, freight or mail loaded/unloaded, and destinations (nonstop) (ACI, 2012) . While air cargo is identified as one of the major outputs of an airport, this part of the system has received little attention in research. Graham (2005, p. 101) points out in this respect: "Some argue that freight output is relatively unimportant since freight handling at airports is very much an airline activity and has little impact on an airport's economic performance." For many airports and airlines, air cargo plays a minor role, but some airports heavily rely on the cargo business. For example, at Cincinnati/Northern Kentucky International Airport cargo airlines generate over 50% of the landed weights of aircraft, with DHL alone contributing to nearly 14% of the airport's operating revenues in 2013 (Cincinnati/Northern Kentucky International Airport, 2014). Current research in air transport seems to ignore the heterogeneity of airports from an air cargo perspective. While clustering or groupings of airports is common in airport research, cargo outputs play, if at all, only a minor role in the analyses (e.g. Adikariwattage et al., 2012; Malighetti et al., 2009; Rodríguez-Déniz et al., 2013; Sarkis and Talluri, 2004; Vogel and Graham, 2013) . There is a strong case for classifying airports into homogenous clusters from a policy and management perspective as this leads to a better appreciation of the issues that the companies face (Malighetti et al., 2009; Rodríguez-Déniz et al., 2013) . From a cargo perspective, airports are very heterogeneous, which has implications when comparing airports, managing airports and dealing with changes in the market environment. For example, Hong Kong International Airport and Memphis International Airport both registered over 4 million metric tonnes in 2013, yet cargo contributed to 41% of airport output measured in WLU (Work Load Unit = 1 passenger = 100kg of cargo) at Hong Kong, while to 90% at Memphis. All cargo at Hong Kong is international, however at Memphis over 90% is domestic (ACI, 2014) . Therefore Memphis will be affected differently to changes in the market environment than Hong Kong airport.
The heterogeneity of the airport cargo business therefore results different challenges for different airports. The cargo market can be very volatile and significant regional differences with regards to growth and characteristics of air cargo can be witnessed (Morrell, 2011; Pearce, 2012) . It is therefore important for airport managers and researchers to understand the core characteristics of airports and identify airports that have similar features to enable meaningful benchmarking exercises as well as identify the exposure to external influences in the cargo market, relative to other airports. Benchmarking against relevant comparator airports can help to ensure the competitiveness of an airport (Sarkis and Talluri, 2004) . If wrong comparator airports are chosen, there is a danger that managers set unrealistic targets, which in turn can become difficult to achieve (Vogel and Graham, 2013) . For example, benchmarking objectives can include the measurement of operating efficiency using variable factor productivities as conducted by Oum and Yu (2004) . These productivities can be affected by the type of aircraft (freighter vs belly-hold) or type of cargo (e.g. domestic vs international).
The aim of this paper is to classify airports according to their air cargo characteristics to gain a better insight into their key business and reliance on air cargo. A set of airport groupings are developed that can help airport managers and researchers to develop benchmarking criteria for specific airports which have a significant cargo throughput or want to develop their cargo activities. Identifying comparator airports is a key aspect of benchmarking (Vogel and Graham, 2013) and therefore requires careful consideration.
Air Cargo Developments
The Air Cargo Sector
Richard Branson of Virgin Atlantic Airways describes the cargo side of air transport as "a phenomenal industry [which] has become even more important not only to the success of airlines but also to every consumer and business leader around the world." (Branson, 2013, p. xvi) . Air cargo, measured in freight tonne kilometres (FTK) has grown at a faster rate than global Gross Domestic Product (GDP) and passenger demand in revenue passenger kilometres (RPK) since the 1970s (IATA, 2013) . However since the 2008/2009 recession there has been a reversal with air cargo first regaining pre-recession levels at a faster pace than passenger demand, but then stalling and showing no growth from 2010 to 2013. Passenger markets at the same time started to grow in this period. This means that while in 2004, air cargo contributed to about 30% of airlines' output measures in RTKs (Revenue Tonne Kilometres), in 2013 this number declined to about 25% (ICAO Data+, 2014; IATA, 2014a) . For airports, globally, the output measured in WLUs was about 14% (ACI, 2014).
While the cargo side of air transport is relatively small in comparison to passenger traffic, it is of importance to airlines, airports and the wider economy. In 2012, worldwide airline net profits accumulated to USD 2.56 per departing passenger while cargo and other revenue generated USD 34.26 per departing passenger (IATA, 2013) . Given the low net profit margin of airlines, this illustrates that cargo revenues can create an important contribution to airlines' profitability.
Air cargo developments are closely linked to general economic development. Air cargo and GDP development are highly interdependent with air cargo development usually preceding GDP growth (Kasarda and Green, 2005) . This has also been recognised after the 2008/2009 recession with air cargo initially improving before GDP recovered. The underlying reasons being companies restocking their production and retail operations to cater to the expected and recognised recovery (Pearce, 2012) . Furthermore there is some evidence that supports the idea that air cargo operations positively affect regional economic development (Button and Yuan, 2013) .
The growth of a global transport infrastructure (with air cargo being an important component) supports the development of global supply chains, which sees production facilities geographically removed from demand, which has led to an international fragmentation of production and consumption (Christopher, 2005; Zhang, 2003) . This has resulted in the development of "global supply chain management centres" (GSCMC), which are not only characterised by the physical aspects of logistics but include also the relevant knowledge base (Wang and Cheng, 2010) . Logistics functions, including airports, are therefore often geographically concentrated (Hesse and Rodrigue, 2004) . Although there are established logistics and transportation clusters, these are not static. For example, in China, new logistics clusters in Chengdu, Chongqing and other cities further west and north of the traditional logistics centres of Shanghai, Beijing and in the Pearl River Delta are emerging (A. T. Kearney, 2010) . This can also be witnessed at airports in these cities, with Chengdu and Chongqing attracting more airlines and growing their cargo volumes (CAPA, 2013a).
In 2013, just over half of scheduled worldwide cargo was transported on cargo-only aircraft with the remainder in the belly hold of passenger planes (IATA, 2014c) . However forecasts show that the share of belly hold cargo is likely to increase in the coming years as particularly the cargo-carrying capacity of wide-body passenger aircraft has created new opportunities for airlines (IATA, 2014c) . For example the Boeing 777-300ER can hold 18% more cargo volume than the 747-400 (CAPA, 2013b).
Although the role of air cargo has changed over the last few years, with increasing competition from other modes, particularly maritime transport, many industries are highly dependent on air cargo. Also the different organisations in the air transport industry are reliant on air cargo with many airlines and airports generating a large amount of revenue or physical output (RTKs/WLUs) from these business activities.
Air Cargo and Airports
Airports are an important link in the air cargo system that provide the interface between surface transport and activities and aircraft operations (Morrell, 2011) . Despite airports' importance in the system, traditionally they are often seen as an "external medium" rather than being integrated in supply chains, yet some change towards more enhanced services can be recognised (Jarach, 2001) . While most airports in the world are small regional airports that see little cargo throughput, other airports are highly dependent on air cargo operations (Sale, 2013) , e.g. Memphis International Airport or East Midlands Airport. When identifying the importance of air cargo for airports, the differences between cargo and passenger throughput among the top ten airports globally become apparent. In 2013, only two of the top ten cargo airports (Dubai International Airport and Paris-Charles de Gaulle) are also in the top ten for passenger throughput ( Air cargo throughput among the top airports is also more concentrated than passenger numbers. Logistics functions, be it airports, ports or distribution centres, are frequently focussed on a few strategic locations with high flows through these nodes which is often fuelled by regional specialisation (Alkaabi and Debbage, 2011; Hesse and Rodrigue, 2004) . For example, the top 15 cargo airports account for about 40% of the cargo tonnage of the 150 largest cargo airports while on the passenger side, the 15 top passenger airports only make up 20% of the passenger numbers at the top 150 passenger airports (ACI, 2014) . This concentration is also recognisable in individual air transport markets. For example in the United States (US) air cargo is focussed on a few large hubs. Drivers for this concentration can be mainly found in the large integrators like FedEx and UPS (Alkaabi and Debbage, 2011) .
Many facilities that are required for passenger operations are also supporting cargo operations, but in addition air cargo requires storage facilities, handling equipment and access to major trunk roads (Morrell, 2011) . For example in the United Kingdom, East Midlands Airport (the country's second largest cargo airport) benefits from easy access to the M1 motorway that links London with the North East of England.
Airports act as nodes in air transport for three flows in the air cargo system. Firstly, local air cargo aimed for domestic consumption and catering for exports from the local area passes through the airport. Secondly, airports act as gateways, with cargo generated or destined for the manufacturing sector in the airport's hinterland, passing through the airport. Finally, airports function as transhipment hubs for "hub cargo", i.e. air-to-air flows that are loaded from one aircraft to another with a destination outside the immediate region of the airport. Different airports have different shares of these elements of air cargo and different priorities. For example at Hong Kong airport, gateway traffic dominates while at Singapore airport "hub cargo" is prioritised (Zhang, 2003) . Other airports that focus on transhipment cargo are Anchorage, Doha, Abu Dhabi and Dubai which all benefit from their respective geographic location (Boquet, 2009) . The focus of airports with regard to air cargo therefore often depends on their geographic position, manufacturing base, as well as airlines operating at the airport.
Addressing the use of airports by air cargo operators, Morrell (2011) points out that integrators usually prefer secondary airports, characterised by low passenger numbers and little congestion while network airlines are driven by their passenger operations (i.e. combining passenger and cargo operations in one location). The focus of non-integrated carriers on major airports has been identified by Gardiner and Ison (2008) , with many combination carriers aiming to co-locate passenger and cargo operations. Identifying the role of secondary airports in air cargo, Boquet (2009) aligns UPS's US network strategy to the network strategy of low-cost airlines, i.e. creating regional hubs at secondary airports near major cities. Furthermore, secondary airports often are located close to distribution centres (Bowen, 2012) . Referring to integrators, Alkaabi and Debbage (2011p. 1521) (Bowen, 2012) . Accessibility and geographic location have been a major factor for the growth of cargo at airports. Airports like Indianapolis in the US and Amsterdam in Europe are examples of airports that have seen significant volumes of cargo thanks to their geographic location and accessibility (Hesse and Rodrigue, 2004) .
Cargo activities have a range of impacts on airports' performance. The share of cargo as an airport's output has a positive effect on gross variable factor productivity (VFP), with airports handling larger proportions of cargo achieving higher levels of gross VFP. The underlying reason for this is that cargo requires less input than passenger operations (Oum and Yu, 2004) . Understanding the role that cargo plays at airports (as measured by the traffic share) can therefore be of relevance to airports and air transport researchers. So far, cargo traffic shares have not featured in research and cluster analyses of airports while absolute values are sometimes featured in papers such as Oum and Yu (2004) and Sarkis and Talluri (2004 (Bowen, 2012) . Environmental restrictions can severely impact airports' ability to develop cargo activities and airports that are not affected by these restrictions can benefit from limitations at other airports. Whereas night operations capabilities are important for integrators, this is less the case for combination carriers (Gardiner and Ison, 2008) . Therefore the requirements of airlines with regard to the airport offerings will vary depending on the airline business model.
Previous research has identified the role and importance of air cargo in the air transport system (e.g. Alkaabi and Debbage, 2011; Bowen, 2012; Button and Yuan, 2012; Hesse, Kasarda and Green, 2005; Yuan et al., 2012) . The focus in research is often on the passenger side of the industry with air cargo being seen as an add-on or by-product. Yet by looking at air cargo at airports in more detail, differences between the airports in volume, characteristics and developments can be identified. This paper will provide an analysis of these characteristics beyond total cargo volumes and changes in volumes by classifying airports according to absolute and relative cargo volumes, the percentage of freighter movements and international cargo. Thus, airports with similar cargo characteristics will be identified and grouped.
Airport Classification
The classification of airports is common in air transport research and previous research has shown the necessity and appropriateness of grouping airports according to common characteristics (e.g. Adikariwattage et al., 2012; Malighetti et al., 2009; Rodríguez-Déniz et al., 2013; Sarkis and Talluri, 2004; Vogel and Graham, 2013) . The focus of the research on airport classifications varies with different aims and approaches. A key theme is the use of groups in benchmarking exercises (Adikariwattage et al., 2012; Oum and Yu, 2004; Sarkis and Talluri, 2004; Vogel and Graham, 2013) .
Classifications so far are mainly based on size of airports (including cargo tonnage), geographic position, functional role, nature of traffic, utilisation and technical characteristics, ownership and network position (Adikariwattage et al., 2012; Malighetti et al., 2009; Vogel and Graham, 2013) . However, airport classification has mainly included passenger-related variables. For example Adikariwattage et al. (2012) use the number of gates, annual volume of international and domestic transfer and origin-destination passengers to cluster US airports. Malighetti et al. (2009) Jarach's (2001) groups show that positionings are not mutually exclusive by labelling Paris CDG as an example of a "primary hub" and a "cargo airport". Jarach (2001) addresses market positionings of airports, i.e. takes an apriori approach by first identifying types of airports and then allocating examples to each positioning. However, no metrics or further discussion of how airports can be matched to these positionings is provided. Neiberger (2008) classifies cargo airports into three groups: international nodes (major hubs); airports with high freight volumes (i.e. between ca. 200,000 and 600,000 tonnes); and airports which act as feeders to hubs. However this classification lacks a more robust scientific methodology as well as practical usefulness. For example it groups airports such as Liège and Munich in the same category. These two airports have very distinct and different cargo characteristics and therefore researchers and practitioners will find it difficult to use this classification to identify comparator airports. Alkaabi and Debbage (2011) identify three types of cargo airports in the US market: "Integrated all-cargo carrier hub", "traditional passenger connecting hubs" and "international gateways". These groups are also classified based on qualitative characteristics related to the airlines that operate at these airports rather than quantitative variables related to the airports' output and characteristics.
This paper will address shortcomings in the literature, by developing global clusters of airports, based on quantitative characteristics from the cargo market. This will enable airport managers and researchers to clearly identify airports with similar, and measurable, characteristics in their cargo output for benchmarking exercises, policy and management decisions (e.g. how and what airports are affected by changes in the market environment).
Data and Methodology
Airport Sample
The data for this research is drawn from ACI's 2013 World Airport Traffic Report. Initially the top 150 global airports by passenger numbers, cargo tonnage and air transport movements were included in the airport sample. This results in a sample of 196 airports. However, a frequent problem in air cargo research is the unavailability of data (e.g. Kalakou and Macário, 2013 Oum and Yu, 2004; Vogel and Graham, 2013) , with many either focussing on a particular region, e.g. the United States (Adikariwattage et al., 2012; Alkaabi and Debbage, 2011; Rodríguez-Déniz et al., 2013; Sarkis and Talluri, 2004) , particular airports (e.g. Hesse, 2014; Zhang, 2003) or hubs of particular carriers (e.g. Bowen, 2012) . Of the two global studies, the number of airports in the sample included 90 and 73 airports respectively, while regional studies often have larger samples. For example Malighetti et al. (2009) in their classification of European airports group 467 airports, while Adikariwattage et al. (2012) 8 cover 209 US airports. In comparison to other research, this paper covers a large sample of international airports, giving a comprehensive global overview of the key characteristics of airports from a cargo perspective.
Cluster Analysis
In this paper, airports are grouped with regards to their cargo characteristics. Cluster analysis is a commonly used approach in airport research to classify airports (e.g. Adikariwattage et al., 2012; Malighetti et al., 2009; Rodríguez-Déniz et al., 2013; Sarkis and Talluri, 2004; Vogel and Graham, 2013) . Cluster analysis is a statistical method for classifying groups (Punj and Stewart, 1983 Malighetti et al., 2009; Martinez-Garcia and Royo-Vela, 2010; Vogel and Graham; . As distance measure, squared Euclidean distance is the recommended and most used form when using Ward's method (Burns and Bruns, 2008; Hair et al., 1998; Norušis, 2011) .
Based on the aim of this paper, four variables relating to the air cargo output of airports are chosen to be included in the cluster analysis; these are: The variables are chosen to measure the total cargo output of the sample airports, therefore the importance of the airport relative to other airports and to measure the relative importance of air cargo for an airport. This is both with regards to volumes as well as freighter movements. While freighter movements do not take into account belly-hold cargo (i.e. cargo transported on passenger aircraft), freighter operations have significant impacts on the cargo management at airports as well as unique requirements. The freighter share at an airport has an impact on how airports manage their cargo operations (Gardiner et al., 2005) . The final variable, Variable 4, represents the share of international cargo at the airport. International cargo creates different challenges to domestic cargo, particularly when it comes to customs, agricultural and security inspections. While there are other variables that can affect air cargo at airports, these provided little further insight when they were included in the analysis (e.g. number of runways, runway length) or are difficult to measure (e.g. operational restrictions such as night curfews) and are therefore not included in the clustering process.
Distance measures in cluster analyses are susceptible to differing scales and levels of variables (e.g. absolute values vs. percentages) (Norušis, 2011) . Therefore, based on the variables used in this research, standardisation (i.e. converting data into standard scores 9 with a mean of 0 and a standard deviation of 1) of the values is necessary to make sure that all variables have similar effects on the distance measurement (Hair et al., 1998; Norušis, 2011) . Hair et al. (1998) suggest adopting an iterative approach (i.e. trial of different solutions) which is applied to determine the most appropriate number of clusters. Additionally, a dendrogram (Appendix B) and agglomeration schedule is used to identify possible cluster solutions. Several possible numbers of clusters are trialled. Although the dendrogram and agglomeration schedule indicate several options from five to ten clusters, eventually an eight-cluster-solution produced the most appropriate division of the airports in the sample. This solution allows for a more differentiated assessment of the airports from a cargo perspective, particularly with regard to the different international focus of the airports. A larger number of clusters would mainly impact on the less cargo-focussed airports while a smaller number of clusters would lose key characteristics of the cargo-dominant airports with regards to their share of international freight.
Findings
Overview
As mentioned previously, the cluster analysis produced eight clusters. The dendrogam shown in Appendix B, highlights the eight clusters and shows that particularly Clusters 1 and 2 as well as Clusters 3, 4 and 5 are different to Clusters 6, 7 and 8. The results of the cluster analysis can be found in Table 2 . Table 2 shows that the first four clusters are relatively small with two, three and five airports in each cluster respectively. Despite being relatively small clusters, they all show distinct characteristics that separates them from the other clusters. Together with the larger Cluster 5, these first five clusters show a higher importance of air cargo than the remaining groups. While these 30 airports represent 26.3% of the airports in the sample, they account for 72.4% of the cargo throughput of the 114 airports. As previous identified in the literature review, this shows the high concentration of air cargo at certain airports.
The eight clusters have been labelled as follows:
• Cluster 1: Cargo-dependent Europeans As shown in Table 2 , and also identified by the some of the cluster labels, there are strong geographic associations among the groups with four clusters (1, 2, 3 and 4) only representing airports from one region respectively and one cluster (6) containing airports from all regions apart from North America. Furthermore, Cluster 8 predominantly contains US and Chinese airports. This illustrates that there are significant regional differences between airport clusters and therefore cargo characteristics, particularly when looking at The means (cluster centres) for each variable used in the clustering process are given in Table 3 and show the key characteristics of each cluster. A Kruskal-Wallis test was conducted which supports that there are statistically significant differences in the four variables between the eight clusters (p < 0.05). In a next step, cluster profiles are developed. Profiling relates to identifying the characteristics of the clusters using variables that have not previously been included in the clustering process. In profiling this is taken a step further to describe, rather than determine the clusters (Hair et al., 1998) . A Kruskal-Wallis test performed on variables not used in the clustering process (Table 4) shows that there are statistically significant differences between the airports groupings (p < 0.05). The analysis supports the claim that there is also external validity to the performed cluster analysis. Clusters do not only vary according to the variables used in the cluster analysis but also between variables that have not been used in the clustering process. Table 4 highlights that, apart from the International Primary Hubs, cargo focussed airports (Clusters 1-4) are characterised by lower numbers of passengers in comparison to those airports where cargo is of minor importance (Clusters 6-8). This suggests that for these airports there is a trade-off between cargo and passenger focus. Furthermore, the cargo dependent airports show a lower number of air transport movements than the passenger focussed airports, however the North American airports (Clusters 2 and 4) show a higher number than their European counterparts (Clusters 1 and 3). Similarly certain clusters that are dominated by North American airports, have a lower share of international passengers. Given that a large proportion of cargo is transported in the belly-hold of passenger planes, there is a strong, and statistically significant, correlation between the share of international passengers and international cargo at airports (r s = 0.92, p < 0.05). As expected, cargo focussed airports show a higher cargo tonnage per air transport movement (ATM) (given the higher share of freighter aircraft movements). This is particularly noticeable for the highly cargo-dependent airports in Clusters 1 and 2 and to a lesser extent in Clusters 3, 4 and 5 as these airports also have a significant share of passenger traffic. The higher share of passenger traffic is also noticeable in the number of passengers per ATM, which is significantly lower for cargo-dependent airports than for others. Besides the 2013 data, the same cluster analysis was conducted with data from 2005 (though with a smaller number of airports due to data availability). Generally, it can be noted that the cargo-focussed clusters (particularly Clusters 1, 2 and 4) are fairly stable over time.
In 2005, Cluster 1 only consists of Liège, which is expected as the shift towards air cargo at Leipzig/Halle only came with the arrival of DHL in 2008. Cluster 2's 2013 composition is exactly the same as in 2005, while Cluster 3 (and some extent Cluster 4) has become more (cargo-)specialised and smaller with regards to the number of airports in this cluster. This comparison with 2005 shows that there is some stability in the clusters but also that there is a concentration of air cargo at fewer, more specialised airports.
In the next sections, the eight clusters will be analysed and their key characteristics presented.
Cluster 1: Cargo-dependent Europeans
Cluster 1 is the smallest of the eight clusters and consists of two European airports, namely Liège and Leipzig/Halle. Both airports are highly dependent on air cargo, both with regards to the cargo share of the WLUs as well as freighter movements. As a result, this cluster is labelled "Cargo-dependent Europeans". While in total volumes these two airports are significantly smaller than major US cargo airports or the main European passenger hubs, they are among the larger European airports measured by cargo tonnage. This results also in a very high amount of cargo per air transport movement. The majority of cargo at these airports is international, which particularly in the case of Liège is based on the small size of Belgium and therefore insignificant domestic air transport operations. Both airports are the major hubs of two European logistics companies, TNT Express (Liège) and DHL (Leipzig/Halle), where both companies base their airline subsidiaries. Geographic location and operating conditions have played an important role in the airlines' decision to set up the centre of their air operations at these airports (DHL, 2008; TNT, 2011) . While Liège benefits from a strategic location between the European major economic centres of Amsterdam, Paris and Frankfurt (Kalakou and Macário, 2011) , Leipzig/Halle benefits from its close proximity to emerging economies in Central and Eastern Europe (Hesse, 2014) . Whereas Liège and Leipzig/Halle are relatively homogenous from a cargo perspective, it can be noted though, that they are quite diverse when taking into consideration passenger operations (i.e. 0.3m vs 2.2m passengers p.a.). Both airports have two runways (though in the case of Liège they are not independent parallel runways and one is under 2,400 metres), which creates significant airside capacity (Flightglobal, 2015; Adler and Liebert, 2014) . Besides the high share of air cargo at these airports, the large airside capacity and its reliance on air cargo to fill this capacity make these airports vulnerable to changes in the cargo market.
Cluster 2: North American Cargo Primaries
Cluster 2 consists of three US airports: Memphis, Louisville and Anchorage. This cluster is labelled "North American Cargo Primaries" as these airports are the three largest airports in North America measured by cargo tonnage. Furthermore these airports are among the ten largest cargo airports globally, with over 2 million tonnes of cargo p.a. for Anchorage and Louisville and over 4 millions tonnes for Memphis. While Memphis and Louisville are the primary hubs of FedEx and UPS respectively, Anchorage is a hub for both companies. For
FedEx the link Memphis -Anchorage and for UPS the route Louisville -Anchorage are among the busiest routes, stemming from their roles as hubs in a continental and international hub-and-spoke system (Bowen, 2012) . Resulting from the high volumes of cargo at these airports, the share of cargo as a percentage of the total WLU is also very high, with an mean share of 86.67%. This is similar to Cluster 1, however the share of freighter aircraft is significantly lower for the North American airports, particularly for Anchorage, as passenger traffic, mainly regional traffic, contributes to the North American airports' output. Also the share of international freight is lower for these airports, yet Anchorage, based on its location on the Pacific Rim, connecting Asia and North America, has a larger share than the other two airports. For all three airports, centrality is a key factor in air cargo flows. In the case of Louisville and Memphis the centrality is within the (Eastern part of the) contiguous US and in the case of Anchorage its position between Asia and other US and Canadian airports (Boquet, 2009; Bowen, 2012) . While air cargo dominates at these three airports, passenger numbers are sizable too, with a mean of 4.44m passengers p.a., which is significantly larger than the two European cargo hubs in Cluster 1.
As a share of their operations, air cargo is the major business activity of the North American Cargo Primaries, but passenger operations in total terms are important too. Yet similar to the European companies, these airports are dependent on particular integrators and express cargo operators.
Cluster 3: European Dual-Bases
In Cluster 3, three European airports are grouped: Cologne/Bonn, East Midlands and Luxemburg. These airports are hubs for cargo operators as well as passenger airlines and therefore fulfil a dual function covering both major air transport outputs. As such, this cluster is labelled "European Dual-Bases", recognising their hub/base function in cargo and passenger operations. Cologne/Bonn is a European hub for both UPS and FedEx as well as a base for Germanwings and Ryanair (Germanwings, 2015; FedEx, 2014; Ryanair, 2014; UPS, 2014) . East Midlands hosts cargo operations by DHL, UPS and TNT as well as being a base for Ryanair, Jet2 and Thomson Airways (Dart Group, 2015; East Midlands Airport, 2015; Ryanair, 2014) , while Luxemburg is the hub for CargoLux and Luxair (Luxair, 2014) . Similar to other airports that focus on cargo operations, the airports in this cluster also benefit from their geographic location. Luxemburg and Cologne/Bonn (similarly to Liège) are centrally located in Western Europe, with Cologne/Bonn additionally being situated in the Rhine-Ruhr metropolitan region. Similarly, East Midlands is centrally located in England, between London and the Liverpool-Manchester-Leeds-Sheffield corridor as well as closely situated to Birmingham. Airports in this cluster, mainly register international cargo rather than domestic cargo, which is a key characteristic of European airports (similar to Cluster 1). While the average cargo volume for this cluster is similar to Cluster 1, the share of cargo as a percentage of the WLUs and the share of freighter aircraft is smaller. Therefore, despite their focus on air cargo, they are less exposed to changes in the cargo market as passenger operations are also an important part of the business model.
Cluster 4: North American Cargo Secondaries
In Cluster 4, five North American airports (four US and a Canadian airport) are grouped. This cluster shares many characteristics with the "European Dual-Bases", particularly with regards to average cargo throughput in tonnes, share of cargo WLUs and annual passengers. These airports have a smaller share of freighter movements than the European airports and the share of international cargo is significantly smaller in this cluster (similar to the North American Cargo Primaries). Cargo operations are important for these airports as about half of their output (measured in WLUs) stems from this business. Two of the airports in the cluster are in close geographic proximity to each other (Cincinnati/Northern Kentucky and Indianapolis), as well as to two of the major US cargo airports (Memphis and Louisville), highlighting the geographic concentration of air cargo in the Indianapolis-Cincinnati-Memphis triangle. Some of these airports are in close proximity to large international gateways (e.g. Indianapolis is about 290km from Chicago O'Hare while Ontario is about 75 km from Los Angeles International), which helps the cargo airlines to achieve similar advantages as lowcost airlines generate in passenger markets (Boquet, 2008) . Three of the US airports in this cluster are all secondary hubs or "regional mini-hubs" (Alkaabi and Debagge, 2011, p. 1521) for either FedEx or UPS (Bowen, 2012) , while Cincinnati/Northern Kentucky is a hub for Polar Air Cargo (2015) and ABX Air (2015) . Particularly the FedEx hub in Indianapolis is the second most important hub for the integrator after Memphis (Bowen, 2012) . Winnipeg is secondary hub for Cargojet, a Canadian cargo airline (Cargojet, 2015a) . Besides its own operations, Cargojet has been the main domestic air cargo provider to UPS in Canada since 2003 (Cargojet, 2015b) .
In comparison to the North American Cargo Primaries, cargo volumes are significantly smaller and therefore these airports are less reliant on cargo alone, with passenger numbers also playing an important role. Airports in this cluster are "secondary" in two ways: they are of secondary importance in the hub-and-spoke network of cargo airlines and in some cases are secondary airports within a region (i.e. smaller airports within a similar catchment area to a larger airport).
Cluster 5: International Primary Hubs
Cluster 5 comprises of 17 major international airports, of which five are in the top ten airports by passenger numbers and seven in the top ten airports for total cargo tonnage. This highlights the importance of these airports both in passenger and cargo markets, with most of the airports in this cluster being hubs for major international network airlines (e.g. Emirates, Air France, American Airlines). Therefore this cluster is labelled "International Primary Hubs". From a geographic perspective, these airports can be found in the major economic centres around the globe, particularly in North America, Europe and Asia as well as the Middle East. Besides the "North American Cargo Primaries", this cluster has the second largest average cargo throughput p.a. with just under 2 million tonnes on average. At the same time, airports in this cluster have the highest average passenger numbers p.a. of all clusters. Therefore, while cargo in total numbers is significant, as a share of the total WLU, cargo only accounts for 27% on average at these airports. The share of freighter aircraft for this cluster is 6.65%. Despite the high volume of cargo, cargo at these airports is mainly produced as a "by-product" of their passenger operations. This means that even though the absolute volume of cargo at the airports, as a share of the business, this segment is of lesser importance than passengers.
Cluster 6: International Secondary Hubs
Cluster 6 is the largest and most diverse cluster from a geographic perspective, covering 42 airports in all regions, apart from North America. Many of the airports in this group are hubs for smaller network airlines (e.g. Swiss, South African Airways, AeroMéxico, Kenya Airways). While there is some cargo throughput at these airports in total numbers, as share of the WLUs, cargo is only responsible for 12.75% on average, with the majority being international cargo. This leads to this cluster being labelled "International Secondary Hubs". Freighter aircraft at these airports only account for about 4% of the commercial movements. Airports in this cluster generate on average 17.19m passenger p.a., with over 70% being international passengers. Airports in this cluster mainly rely on passenger operations and, similarly to the International Primary Hubs, generate cargo mainly as a by-product. Changes in the cargo market therefore have little impact on these airports.
Cluster 7: Passenger Dominant Airports (International)
This cluster consists of 15 airports with relatively high passenger numbers (average 27.68m p.a.), with some of the larger airports also processing high volumes of cargo. However, overall for these airports, cargo is of minor importance with on average only 8.2% of WLUs being cargo and 2.2% being freighter movements. Both on the passenger and cargo side, about half of the operations relate to international passengers and international cargo. Together with Cluster 8, these airports are the least reliant on cargo throughput, hence this cluster is labelled "Passenger Dominant Airports (International)".
Cluster 8: Passenger Dominant Airports (Domestic)
Cluster 8 is characterised by the lowest importance of air cargo, both in absolute and relative terms (total cargo throughput and share of WLUs), as well as when analysing freighter aircraft movements. The main difference to Cluster 7 lies in the domestic orientation of these airports in passenger and cargo markets with few international passengers and cargo tonnage recorded at these airports. This is partly related to the geographic location of these airports, which can be found mainly in large countries (predominantly the US and China).
Based on their characteristics, this cluster is labelled: "Passenger Dominant Airports (Domestic)". Overall, airports in this cluster are mainly focussing on passenger operations and are not reliant on cargo as part of their business.
Discussion and Conclusions
The aim of this paper is to classify airports according to their air cargo characteristics and go beyond traditional labels of airports as "cargo airports". Previous research groups airports that see substantial amounts of cargo (often without quantifying this) together. However by purely looking at volumes, even when quantified, the relative importance of air cargo for each airport is neglected. By using a range of metrics, both absolute and fractional, this paper provides an insight into different airports from a cargo perspective.
Eight homogenous airports groups are identified. Airports in clusters 6, 7 and 8 show little reliance on air cargo operations and also only play a marginal role globally with low total cargo volumes. These airports are fairly immune to changes in the cargo environment, which results in little impact on airport operations and management. At times when the cargo environment is challenging, this means fewer negative impacts on these airports. However, as many cargo airlines are considering airports' attention to cargo when deciding where to locate their operations (Gardiner et al., 2005) , these airports will find it more difficult to attract (new) cargo business.
The remaining five clusters, while all being more relevant to and reliant on cargo markets, also show a heterogeneous picture of air cargo at airports. As such, air cargo reliance and importance can be expressed as a spectrum with Cluster 1, "Cargo-dependent Europeans", being the most reliant airport group on air cargo, with the majority of WLUs stemming from this business segment. Next, the cargo-dependent US airports not only differentiate themselves from their European counterparts by their geographic outlook (domestic vs international), the North American airports also record significantly larger volumes. Further in the spectrum are the European Dual-Bases and North American Cargo Secondaries that show a more equal split between the cargo and passenger business. Finally, the International Primary Hubs, while registering large volumes of cargo, show a significantly lower share of cargo WLUs, as a result of high passenger throughput at these airports.
Not only are the clusters externally diverse when analysing their cargo characteristics, but they are also internally homogenous from a geographic perspective, with airports showing similar characteristics having a similar geographic location or centrality within a network. Airports that are highly dependent on cargo, namely in clusters 1, 2, 3 and 4, benefit from their central location in Europe and North America respectively. This is also linked to the hub-and-spoke structure of integrators and air express companies that have their hubs at these airports. While the European airports mainly cater for an international market (bearing in mind that intra-EU traffic is recorded as international), the US airports predominantly serve the domestic market. In total volume, the International Primary Hubs are not only major players in passenger markets but also in the cargo business. As such, for these airports centrality within a region is of lower importance, but these airports benefit from high cargo volumes generated by passenger aircraft. Therefore the management of cargo at these airports requires a different approach to the more cargo-dependent airports in clusters 1, 2, 3 and 4.
This paper helps to identify comparator airports when developing benchmarking exercises in the air cargo market. For example, when purely looking at the total volumes of cargo at an airport, Hong Kong and Memphis are the two largest airports. However these two airports have a very different cargo profile, different centrality within cargo networks and different types of airlines operating passenger and cargo flights from the airport. Therefore comparing these two airports in a benchmarking exercise would produce few benefits and has little practical relevance. As such, regional differences need to be understood, which is shown by the geographic similarities of the different airports from a cargo perspective. Furthermore, the air cargo market is currently very challenging for airlines and airports, with limited growth since 2010. Therefore, this paper helps to identify those airports that are most vulnerable to changes in the cargo market, both from a domestic as well as international perspective. This will become more relevant in future, with the share of freighter aircraft predicted to decline (CAPA, 2014) and therefore leaving airports that more reliant on freighter operations more exposed to these changes.
Cargo has hardly featured in airport research, particularly when looking at airport classification. A major hurdle that needs to be overcome in this respect is data availability. While operational data, as used in this paper, is available to some extent, information on financial aspects (e.g. cargo revenues and costs) is hardly available and is usually aggregated with other business activities which makes further analysis on financial aspects of air cargo at airports challenging. Further research could also focus on operational aspects. These were excluded in this paper as operational aspects are more difficult to quantify in many cases. For example, while there is a night curfew in place at Leizpig/Halle airport, this does not affect airlines that operate a cargo terminal at the airport (Boeing, n.d.) . Future research could focus on an operational analysis of different cargo airports.
